Currently, there is little understanding of the controls that instream thermal limits and hydraulic biotype diversity have on macroinvertebrate assemblages, particularly in association with changing altitude within given southern African mountain drainage systems. Thus, the aim of this research was to examine aquatic macroinvertebrate assemblage changes in response to spatial and temporal geo-hydrological contexts (temperature and hydraulic biotype) along the upper Bushmans River, southern Drakensberg. Instream temperature was continuously logged at 3 altitudes (1 760, 2 030, 2 280 m amsl) along the Bushmans River to the east of the Great Escarpment, and in the headwaters of the Sani River (2 860 m amsl) to the west of the escarpment, for the period January-May 2007. Aquatic macroinvertebrates were sampled during early December 2006, late March 2007, and late May 2007. The study demonstrates that decreasing water temperatures, both spatially (with increasing altitude) and seasonally (from summer to winter), and/or decreasing diversity of hydraulic biotypes associated with stream-channel narrowing in Drakensberg rivers/streams, are associated with a general decrease in the absolute number of macroinvertebrate families, a lower dissimilarity coefficient along the Bushmans River altitudinal transect, and a decreasing variance in the numbers of macroinvertebrate families across various hydraulic biotypes.
INTRODUCTION
Considerable international work has focused on macroinvertebrate assemblages in a variety of fluvial settings (e.g. Power et al., 1995; Céréghino et al., 2001; Wong et al., 2004; Compin and Céréghino, 2007) . Apart from the focus on understanding instream macroinvertebrate biology (e.g. Céréghino et al., 2001; Moor and Palmer, 2005) , a primary research thrust has been on developing theories and models on the abiotic controls of in-stream macroinvertebrate species composition, community structures, fine-scale spatial distributions, and associated ecosystem functioning. Emphasis has been on how channel geomorphology (e.g. Huryn and Wallace, 1987; Lamberti et al., 1989; Brown and Brussock, 1991; Wang et al., 2009) , channel substratum and sediment delivery, entrainment and deposition (e.g. Beisel et al., 1998; Larsen and Ormerod, 2010) , and channel flow regimes including water velocity and depth (e.g. Jowett and Richardson, 1990; Dewson et al., 2007) , may influence macroinvertebrate assemblages. Important controls influencing the spatial variability of macroinvertebrate species richness and abundance in mountain catchments include hydraulic biotypes (e.g. Bonada et al., 2006; Davy-Bowker et al., 2006; Curry et al., 2012) and fluvialenvironmental changes associated with altitudinal gradients (e.g. Andrew et al., 2003; Jacobsen, 2004) . In addition, there has been growing concern and emphasis on establishing climate change impacts on mountain stream temperatures and consequent implications for aquatic biosystems (including aquatic macroinvertebrates) (e.g. Hari et al., 2006; Durance and Ormerod, 2007; Chessman, 2009; Lawrence et al., 2010) .
Hydrobiological studies have a relatively long and well established history in South Africa, having emerged from the early descriptive approaches by the likes of Barnard (1927) and Hutchinson (1929) but then gradually becoming more applied towards bioassessments for river ecosystem and health functions (e.g. Chutter, 1972, King and Louw, 1998; Roux et al., 1999; Dickens and Graham, 2002; Bate et al., 2004; Dallas, 2004 Dallas, , 2007 Ollis et al., 2006; Malherbe et al., 2010) . Although it is internationally well recognised that altitudinal gradients and associated water temperatures impact macroinvertebrate diversity, community structure and survival (e.g. Jacobsen et al., 1997; Cox and Rutherford, 2000; Smith et al., 2003; Finn and Poff, 2005) , there has been little, if any, work in southern Africa investigating altitudinal trends in mountain water temperatures and the associated aquatic macroinvertebrate population biology. To this end, the aim of this study was to provide a preliminary investigation into aquatic macroinvertebrate assemblage changes in response to spatial geo-hydrological and temporal contexts along the upper Bushmans River, southern Drakensberg. In so doing, hydrological (or hydro-geomorphological) biotypes (Rowntree and Wadeson, 1999) and their linkages to sediment supply and habitat heterogeneity were recognised and considered (Yarnell et al., 2006) , which consequently define the riverine microhabitats and macroinvertebrate structures. 20 on water quality. Site selection (see Fig. 1 ) was based on the stream zonation classifications described by Rowntree and Wadeson (1999) ) . Sampling techniques should suit the hydrological biotype, thus both kick-sampling and hand-sampling were used. Although 7 hydrological biotypes were selected per research site, where one or more biotypes were absent, additional sampling was undertaken for those biotypes represented. The hydrological biotypes in this study, as classified and defined by Rowntree and Wadeson (1999) , included back waters and slack waters connected to the river, chutes, riffles and glides. Quantitative macroinvertebrate abundance could not be determined given the complexity of hydrologic biotypes which jeopardises the accuracy of counts. Thus, the relative abundance was determined using a rating score as follows: 1 = 1 individual; 5 = 2-5 individuals; 10 = 6-10 individuals; 50 = 11-50 individuals; 100 = ≥51 individuals. Total scores were obtained for each hydrologic biotype and a 'maximum abundance' score determined for each family across the 7 biotypes sampled per site. Water temperature and pH readings were taken at the deepest position at sampling sites during field visits.
STUDY SITE AND METHODS
A zero-adjusted Bray-Curtis coefficient, following Clarke et al. (2006) , was used to establish the extent of macroinvertebrate family resemblance (i.e. similarity or dissimilarity) measured at the upper-, mid-and lower-Bushmans River sites during various seasons (summer, autumn, winter) in 
RESULTS AND DISCUSSION

Water quality
Water pH levels remained close to neutral at all sites from mid-summer through to early winter and averaged 6.96 across all sites and seasons, apart for the mid site which recorded a slight increase in acidity (pH 6.15) during autumn (Table 1 ). In addition, water conductivity levels remained low at all sites and during all seasons (mean = 0.09 mS/m). Water conductivity, in particular, influences macroinvertebrate richness and diversity (Miserendino, 2001; Azrina et al., 2006; Stenert et al., 2008) . In South Africa, Dallas et al. (1999) have established pH and conductivity tolerance levels for macroinvertebrate families, including Heptageniidae (Table 1) , which was present in the Bushmans River. While pH levels in the Bushmans River were positioned within suitable tolerance levels, conductivity levels were lower than the minimum threshold levels identified by Dallas et al. (1999) . Given the low spatial and temporal variance in pH and conductivity levels along the upper Bushmans River, these are unlikely abiotic controls on the spatial and temporal macroinvertebrate population dynamics.
Water temperatures and lapse rates
Water temperature is considered one of the most important parameters influencing river health and freshwater ecology (Webb et al., 2008) . Although there has been considerable interest in water temperature effects on riverine ecosystems in southern Africa (see Dallas, 2007 Dallas, , 2008 for a review), there is a notable absence of such data from the high altitude Lesotho and other southern African mountains such as the Drakensberg. There is an additional regional gap of knowledge on how such mountain stream water temperatures vary altitudinally. The current paper thus provides some preliminary data in this regard. River/stream water temperatures are influenced by a host of multi-scale (regional to micro-level) factors which may be grouped into hydrological, climatic and structural controls (Dallas, 2008) . However, given that these multiple factors have influences and magnitudes which are difficult to ascertain independently, and in addition operate synergistically, it is exceptionally difficult to accurately quantify the extent to which factors contribute towards fine-scale water temperature variability (Clark et al., 1999; Johnson, 2004) .
Water temperatures in the upper reaches of the Sani and Bushmans Rivers were spatially and temporally highly variable. Mean monthly summer temperatures (Jan/Feb) varied from 18.5°C (lower site at 1 760 m amsl) to 14.6°C (upper site at 2 280 m amsl) and reached a maximum of 26.9°C at Site 1 (Table 2) . Notably, mean summer water temperatures in the upper Sani River (approx. 15.4°C at 2 860 m amsl) were higher than those in the upper Bushman's River at 2 280 m amsl (approx. 14.7°C), but similar to those at 2 080 m amsl (approx. 15.6°C). The altitudinal water cooling associated with free air cooling was likely complicated by the rate of altitudinal change in association with stream distance and site-specific stream flow dynamics (depth-width ratios, heating effects of instream substrates). Thus, the relatively short distance (approx. 2 km), combined with a steep mean flow gradient (0.1 m/m) between the upper and mid sites, accounted for relatively low water temperature lapse rates during summer (mean = −0.45°C/100 m). In contrast, the longer distance (approx. 7.2 km) and considerably shallower flow gradient (0.04 m/m) between the mid and lower sites, accounted for a doubling of water lapse rates (approx. 0.90°C/100 m). The resulting slower velocity of flow, greater unit water contact with rock/boulder surfaces and associated greater solar heating of bedrock and boulders as the valley widens downstream, are likely factors contributing to rapid stream temperature increases through the foothill zone. Similar inferences have been made by others suggesting that streams flowing over rock-dominated reaches may be more temperature responsive to slight changes in incoming solar radiation than those flowing over other substrates (Brown, 1969; Moore et al., 2005; Webb et al., 2008) . Such factors may also account for the unexpectedly high mean summer temperatures of the Sani River, which is a relatively wide, boulder-dominated channel exposed to substantial incoming solar radiation, especially given the wide and open topographic setting. In addition, these stream sections had a high mean diurnal range of summer water temperatures, averaging 11.2°C (Feb) and 6.8°C (Jan) for the Sani and lower Bushmans River sites, respectively, whilst extreme diurnal ranges in water temperature were as high as 16.8°C and 10.9°C, respectively. An understanding of such water temperature dynamics may be important when projecting likely future water temperatures for mountain streams (and associated impacts on biota) under global change scenarios. For instance, greater extremes in air temperature are likely to further enhance the diurnal range of water temperatures and may ultimately exceed tolerance threshold values for some biota within hydrologic biotypes along particular altitude-specific zones. To this end, identifying channel sections in which contemporary water temperatures have a high diurnal range may be an important task in the context of establishing which channel sections are likely to be subject to the most extreme future temperature changes over both short (diurnal) and Mean monthly water temperatures began to notably decrease from February to March at higher stream altitudes (2 280 and 2 860 m amsl), whilst cooling was delayed towards April for lower altitude sites (Table 2 ). This was also reflected in the water temperature lapse rates which were relatively high between 1 760-2 030 m amsl (−0.84°C/100 m), whilst lapse rates were reduced between 2 080-2 280 m amsl (−0.55°C/100 m) and 2 280-2 860 m amsl (−0.17°C/100 m) during March. Patterns of cooling rates were however spatially complex with no notable change in water temperatures between 2 080 and 2 280 m amsl during April (lapse rate: −0.05°C/100 m); yet between 2 280 and 2 860 m the cooling rate intensified to −0.31°C/100 m over the same period. The diurnal water temperature range decreased progressively towards winter (late May) for all altitudes but was most pronounced for the lower site (64% reduction in diurnal temperature range) and least so for the Sani site (29% reduction in diurnal temperature range). Mean water temperatures during May 2007 varied from 11.2°C to 6.2°C for the lower Bushmans and Sani River sites respectively, and absolute minimum temperatures approached 0°C at 2 860 m amsl where surface ice was observed during logger retrieval on 26 May 2007. The overall altitudinal (1 100 m) trend of stream water cooling up the Drakensberg escarpment was one of increased rates of cooling from midsummer towards winter (i.e., from −0.27°C/100 m (Jan) to −0.48°C/100 m (May))( Table 2) .
Macroinvertebrate community structure
Macroinvertebrate species were recorded within various geomorphic biotypes so as to determine temporal trends within and between individual sites. During summer, the total number of macroinvertebrate families identified decreased substantially (by 69%) with altitude, from 16 (lower site) to 5 (Sani site). This may have been a function of both decreasing water temperature and decreasing variability of hydrologic biotypes with altitude. The number of macroinvertebrate families identified decreased at all sites as water temperatures decreased from summer through to early winter (late May), but notably the highest percentage change was at the mid-tolower altitude Bushmans River sites (approx. 37-38% reduction in families), and the lowest at the two higher altitude sites (20-23% reduction in families) (Table 3 ). It is possible that the substantial water temperature cooling to freezing conditions during winter and high diurnal temperature cycles during summer, when mean minimum temperatures dropped to approx. 7.2°C at the Sani site, restricted macroinvertebrate families to approx. 4-5 throughout the year.
The Ephemeropteran families Leptophlebiidae, Baetidae and Heptageniidae were generally the most abundant along 23 the Bushmans River (Fig. 2) . The abundance of other families was generally small and the diversity of families varied altitudinally. The abundance of specific families generally decreased with altitude during most seasons. Maximum abundances of individuals for the families Baetidae (230) Heptageniidae (131) and Leptophlebiidae (95) were recorded at the lower site during summer, whilst at the upper site total numbers during summer were 110, 5 and 45, respectively. Despite this, and the lower diversity of macroinvertebrates at higher altitudes, total abundance decreased most substantially from summer to early winter at the lower site (by 74%), and least at the upper site (by 11%). This suggests that inter-seasonal macroinvertebrate population dynamics increased in stability with distance upstream along the upper Bushmans River. The greatest seasonal (summer to early winter) decrease in abundance was recorded for Heptageniidae (by 69%), followed by Baetidae (66%) and Leptophlebiidae (57%). Macroinvertebrate abundance decreased by 31% from mid-summer to early-autumn (3 months) across all sites, but decreased further by 38% from early autumn to early winter (2 months) when water temperatures decreased most substantially (Fig. 2) . The Bray-Curtis dissimilarity statistic demonstrates considerable spatial and temporal differences in macroinvertebrate populations (Fig. 3) . The highest dissimilarity (54.2%) occurred between the upper and lower Bushmans River sites in summer. Dissimilarity progressively decreased across the altitudinal gradient to 34.7% in autumn and 18.3% in winter. 
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However, it seems that whilst there was a generally consistent dissimilarity across seasons for the upper vs. mid sites (maximum of 36.3% in summer to minimum of 31.6% in autumn), there was greater dissimilarity between the mid and lower sites, most particularly in autumn (42.1%).
Macroinvertebrate assemblages were also assessed across various hydraulic biotypes including riffles/glides, pools and backwater/slackwater reaches. During summer, the number of macroinvertebrate families had a relatively high variance (2.6) across 7 biotype sampling localities at the lower site; variance across the mid and upper sites was lower (1.8 and 1.6, respectively). The spatial variance for the number of macroinvertebrate families across sites increased considerably during autumn at all altitudes but was substantially higher at the lower site (8.2) than the two upper sites (3.2 and 3.9, respectively), which suggests strong spatial macroinvertebrate population readjustments across hydraulic biotypes, despite the average number of families per biotype (mean = 4.9) not having changed since mid-summer. In contrast, the average number of macroinvertebrate families per biotype decreased by approx. 23% to 3.8 by early winter, when the number of macroinvertebrate families had the lowest variance across the seven biotypes measured per site (mean = 1.7), yet remained comparable to summer levels of variance at the lower site (2.6). Such patterns may reflect the maintenance of contrasting hydraulic biotypes at lower altitudes along the upper Bushmans River, whilst at higher altitudes such contrasts are more constrained.
Pools and backwaters had higher mean numbers of macroinvertebrate families during summer (5.4 and 4.8, respectively) than riffles (4.2), which was a likely function of a synergistic set of factors such as available food sources, water temperature and other hydro-physical controls. During autumn, when there seemed to be an apparent redistribution of macroinvertebrate populations across fluvial biotypes, there was a reverse trend in the number of families across such biotypes (riffles = 5.3; backwaters = 5.0; pools = 4.1) (Table 3) . However, the pattern had again changed by early winter when riffles continued to host the highest number of families (4.0), followed closely by pools (3.8), but backwaters had particularly low numbers of families represented (3.3). This again is likely a function of contrasting food availability and water temperatures across these biotypes.
CONCLUSIONS
In this study, decreasing water temperatures, both spatially (with increasing altitude) and seasonally (from summer to winter), and/or decreasing diversity of hydraulic biotypes associated with upstream-channel narrowing in Drakensberg rivers/streams, are associated with a general decrease in the absolute number of macroinvertebrate families, a lower dissimilarity coefficient along the Bushmans River altitudinal transect, and decreasing variance in the numbers of macroinvertebrate families across various hydraulic biotypes. These results are new to the Drakensberg region but in agreement with other temperature-driven macroinvertebrate community trends reported in other mountain environments or in association with climate warming (e.g. Miserendino, 2001; Milner et al., 2001; Burgmer et al., 2007) . Contemporary altitudinal climate variability and substratum have a direct control on stream/river water temperature along altitudinal gradients, and this paper has demonstrated a variable water temperature lapse rate that may, at least in part, contribute to spatio-temporal changes in observed macroinvertebrate communities. At the micro-scale, hydraulic biotypes also contribute to species richness and abundance (Curry et al., 2012) . Climate change/variability is likely to impact on these systems and have important implications for macroinvertebrate communities, particularly those occurring at the uppermost fluvial reaches; here warming resulting in the upward shift of thermal habitats may have ecological implications which cannot yet be accurately projected into the near future. Following this preliminary investigation, and to permit modelling of future trends under global change scenarios, it is proposed that long-term (multiple years) monitoring of stream temperatures and macroinvertebrates through an improved altitudinal spatial density of monitoring sites be considered for the Drakensberg/Lesotho mountain region.
